® 



EuropSIsches Patentamt 
European Pat nt Office 
Office europeen des brevets 



© Publication number: 



0 279 586 

A2 



© Application number 88301141.3 
<§) Date of filing: 11.02.88 



EUROPEAN PATENT APPLICATION 

© int. CI * C07F 5/06 , C08F 4/52 



® Priority: 14.02.87 JP 31926/87 


© Applicant MITSUI PETROCHEMICAL 


© Date of publication of application: 


INDUSTRIES, LTD, 


2-5, Kasumlgaseki 3-chome Chlyoda-ku 


24.0&88 Bulletin 88/34 


Tokyo 100(JP) 


® Designated Contracting States: 


© Inventor: Kloka, Mamoru 


DEFRGBITNL 


9-61, Nlshiml 2-chome 




Iwakuni-shl Yamaguchl-ken(JP) 




inventor Kashiwa, Norio 




18-22, Yamate-cho 1-chome 




Iwakuni-shl Yamaguchhken(JP) 




© Representative: Myerscough, Philip Boyd et al 




JJUfemp & Co. 14, South Square Gray's Inn 




London, WC1R 6EU(QB) 



Finely divided aluminoxane, process for producing same and its use. 

A finely divided aluminoxane comprising an aluminoxane represented by formula [1] or [11] 
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wherein R denotes a hydrocarbon group having 1 to 10 carbon atoms and m denotes an integer of 2 to 

50, 

an average particle size being 5 to 200 urn and a specific surface area being 20 to 1000 m 2 ^ a process for 
producing the same, and a catalyst component for polymerization of olefins being said finely divided 
aluminoxane. 
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FINELY DIVIDED AtUMINOXANE, PROCESS FOR PRODUCING SAME AND ITS USE 



FIELD OF THE INVENTION 



This invention relates to a finely divided aJuminoxane, a process for producing same and its use. More 
s specifically, this invention relates to a finely divided aiuminoxane having a large specific surface area, and 
further to a catalyst component for polymerization of olefins being a finely divided aiuminoxane that can 
form a catalyst having a remarkable olefin polymerization activity in combination with a catalyst component 
of a compound of a transition metal of Group IVB in the periodic table, and a process for producing same. 

70 

PRIOR ART 

As a process for polymerizing alpha-oiefins, there has been hitherto known a process in which ethylene 
and an alpha-olefin are copolymerized in the presence of a titanium compound-type catalyst composed of a 
75 titanium compound and an organoaluminum compound or a vanadium compound-type catalyst composed 
of a vanadium compound and an organoaluminum compound. Generally, ethylene/alpha-olefin copolymers 
obtained by using the titanium-type catalyst have been wide in molecular weight distribution and composi- 
tion distribution and poor in transparency, surface non-tackiness and dynamic properties. Moreover, 
ethylene/alpha-olefin copolymers obtained by using the vanadium-type catalyst have become fairly narrow 
20 in molecular weight distribution and composition distribution and quite improved in transparency, surface 
non-tackiness and dynamic properties compared to the ethylene/aipha-olefin copolymers formed by using 
the titanium-type catalyst However, the latter copolymers are still insufficient In usage requiring these 
properties, and alpha-olefin polymers, above all, ethylene/alpha-olefin copolymers having more improved 
properties have been demanded. Besides owing to low polymerization activity, a large amount of the 
25 catalyst remains in the resulting polymers, and a so-called ash removal step of removing the catalyst 
component from the polymers is needed. 

Meanwhile, a catalyst composed of a zirconium compound and an aiuminoxane has been lately 
proposed as a new Ziegier-type olefin polymerization catalyst. 

Japanese Laid-open Patent Application No. 19,309/1983 describes a process wherein ethylene and one 
30 or more kinds of d-C„ aipha-olefins are polymerized at a temperature of -50°O to 20°G in the presence of 
a catalyst composed of a transition metal compound represented by formula 
(cyclopentadienyl),Me R Hal 
wherein R denotes cyclopentadienyl, C t -C« alky! or halogen, Me denotes a transition metal and Hal 
denotes halogen, and 
35 a linear aiuminoxane represented by formula 
AI,OR*(AI(R:K))„ 

wherein R denotes methyl or ethyl and n denotes a number of 4 to 20, or 
. a cyclic aiuminoxane represented by formula 



wherein R and n are as defined above. 
Said Japanese Laid-open Patent Application indicates that to adjust a density of the obtained polyethylene, 
ethylene has to be polymerized in the presence of as small* as up to 10% by weight of an alpha-olefin or its 
mixture. 

Japanese Laid-open Patent Application No. 95,292/1984 describes a process for producing a linear 
aiuminoxane represented by formula 




2 
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5 




Al-O-(Al-O) -Al 
n 




wherein n denotes 2 to 40 and R denotes C,-C« alky I, and 
a cyclic aluminoxane represented by formula 



10 




wherein n and R are as defined above. 
Said Japanese Laid-open Patent Application mentions that when an olefin Is polymerized In the presence of 
a mixture of e.g. methylalumlnoxane produced by the above process and a bis(cyclopentadienyl) compound 
of titanium or zirconium, more than 25,000,000 g, per gram of a transition metal, of polyethylene is obtained 
for one hour. 

Japanese Laid-open Patent Application No. 35,005/1985 discloses a pnocessfor producing a catalyst for 
polymerization of olefins which comprises first reacting an aluminoxane compound represented by formula 



wherein R 1 denotes C,-C, 0 alkyl. R° is R 1 or together with R\ denotes -0-, 
with a magnesium compound, then chlorinating the reaction mixture, and further treating the chlorinated 
substance with a compound of Ti f V, Zr or Cr. In said Japanese Laid-open Patent Application, it is stated 
that the above catalyst is most suited to copolymerize ethylene with a C,-C, a alpha-olefin. 

Japanese Laid-open Patent Application No. 35,006/1985 discloses a combination of (a) two or more 
different types of mono-, di-and tri-cyciopentadienyls or their derivatives of transition metals and (b) 
aluminoxanes as a catalyst for preparation of blend polymers. Example 1 of said Japanese Laid-open 
Patent Application shows that ethylene and propylene are polymerized In the presence of a catalyst 
composed of bis(pentamethylcyclopentadienyl)zirconiumdimethyl and an aluminoxane to provide polyethyl- 
ene having a number-average molecular weight of 15,300, a weight-average mdlecular weight of 36.400 and 
a propylene content of 3.4%. In Example 2 of same, ethylene and propylene are polymerized in the 
presence of a catalyst composed of bis(methylcyclopentadienyl)zirconium dichloride and an aluminoxane to 
afford a blend of polyethylene and an ethylene/propylene copolymer consisting of a toluene-soluble portion 
having a number-average molecular weight of 2,200 and a weight-average molecular weight of 11,900 and 
containing 30 mole% of a propylene component and a toluene-Insoluble portion having a number-average 
molecular weight of 3,000 and a weight-average molecular weight of 7,400 and containing 4.8 mole% of a 
propylene component, said blend having a number-average molecular weight of 2,000 and a weight-average 
molecular weight of 8.300 and containing 7.1 mole% of a propylene component. Example 3 of same 
indicates a blend of LLDPE and an ethylene-propylene copolymer consisting of a soluble portion having a 
molecular weight distribution ( M w/ ffi n) of 4.57 and containing 20.8 mole% of a propylene component and 
an insoluble portion having a molecular weight distribution of 3.04 and containing 2.9 mole% of a propylene 
component 

Japanese Laid-open Patent Application No. 35.007/1985 involves a process wherein ethylene alone is 
polymerized or ethylene and an aipha-olefln having 3 or more carbon atoms are copolymerized in the 
presence of a catalyst composed of metallocene and a cyclic aluminoxane represented by formula 



25 




Al-04A10) n Al 




55 



3 



0 279 586 



R 

wherein R denotes an alkyl group having 1 to 5 carbon atoms and n denotes an integer of 1 to about 20, 

or 

a linear aluminoxane represented by formula 
R( Al-0)„AIR a 
R 

wherein R and n are as defined above. 
The polymer yielded by the above process is described to have a weight-average molecular weight of 
about 5,000,000 to about 1,400,000 and a molecular weight distribution of 1.5 to 4.0. 

Japanese Laid-open Patent Application 35,008/85 mentions that polyethylene or an ethylene/C*-C,o 
alpha-olefin having a wide molecular weight distribution is produced by using a catalyst system composed 
of at least two metallocenes and aluminoxane, stating that the copolymer has a molecular weight distribution 
( raw/ Kin) of 2-50. 

The catalysts formed from the transition metal compounds and aluminoxanes which are proposed in 
these prior technologies have markedly excellent polymerization activity compared to hitherto known 
catalyst systems composed of transition metai compounds and organoaluminum compounds. However, 
most of the catalyst systems proposed there are soluble in a reaction system and mainly used in solution 
polymerization; thus, a process is limited. Besides, when a polymer having a high molecular weight is 
produced, a solution viscosity of the polymerization system goes quite high inconveniently, and a bulk 
specific gravity of the polymer obtained by the post treatment of the solution system is low, making it hard 
to form a polymer having excellent properties as powder. 

On the other hand, an attempt has been made to polymerize olefins by suspension polymerization or 
gaseous phase polymerization using a catalyst wherein one or both of the aforesaid transition metal 
compounds and aluminoxanes are supported on carriers of porous inorganic oxides such as silica, 
silica/alumina and alumina. 

For example, said Japanese Laid-open Patent Applications Nos. 35,006/1985, 35,007/1985 and 
35,008/1985 describe the use of the catalyst wherein the transition metal compounds and aluminoxanes are 
supported on silica, silica/alumina or alumina. 

Japanese Laid-open Patent Applications Nos. 108,808/1985 and 106,809/1985 propose a process for 
producing a composition composed of a polyethylene-type polymer and a filler formed by polymerizing 
ethylene or copolymerizing ethylene with an alpha-olefin in the presence of a substance obtained by 
previously contacting a highly active catalyst component containing titanium and/or zirconium and soluble in 
a hydrocarbon solvent and a filler, an organoaluminum compound and a filler having an affinity for 
polyolefins. 

Japanese Laid-open Patent Application No. 31,404/1986 proposes a process for polymerizing ethylene 
or copolymerizing ethylene with an alpha-olefin in the presence of a catalyst mixture composed of a product 
obtained by reacting a trialkylaluminum with water in the presence of silicon dioxide and aluminum oxide, 
and a transition metal compound. 

Japanese Laid-open Patent Application No. 276,805/1986 proposes a process for polymerizing an olefin 
in the presence of a catalyst composed of a zirconium compound and a reaction mixture obtained by 
reacting a reaction mixture of an aluminoxane and trialkylaluminum with an inorganic oxide having a surface 
hydroxy! group such as silica. 

Japanese Laid-open Patent Application No. 108,610/1881 proposes a process for polymerizing ethylene 
or copolymerizing ethylene with an alpha-olefin in the presence of a catalyst mixture composed of a product 
obtained by reacting a trialkylaluminum with water in the presence of silicon dioxide and aluminum oxide, 
and a transition metal compound. 

However, even if olefins are polymerized or copolymerized by suspension polymerization or gaseous 
phase polymerization using the carrier supported solid catalyst components proposed in these prior 
technologies, the polymerization activity heavily decreases in comparison to the aforesaid solution poly- 
merization, characteristics inherent in the catalyst composed of the transition metal compound catalyst 
component and the aluminoxane catalyst component are not exhibited enough, and properti s as a powder, 
e.g. a bulk specific gravity, of the resulting polymer are also insufficient Moreover, because the inorganic 
compounds used as th carriers have high melting points, they are at times observed in the polymer as 
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appreciable foreign matters, impairing the appearance of films or decreasing the strength of films, for 
example. 



5 SUMMARY OF THE INVENTION 

It is an object of this Invention to provide a finely divided aluminoxane having a large specific surface 
area and a uniform particle size, and more specifically to provide a catalyst component for polymerization of 
olefins being a finely divided aluminoxane that can form a catalyst having a high olefin polymerization 
10 activity in combination with a catalyst component of a compound of a transition metal of Group IVB in the 
periodic table. 

Another object of this invention is to provide a process for producing a finely divided aluminoxane 
having a large specific surface area and a uniform particle size. 

According to this Invention, the above objects are achieved by a finely divided aluminoxane comprising 
75 an aluminoxane represented by formula [I] or [li] 



RjAUO-Alf^AlRj [I] 
R 



20 



25 



O-AU 



ra+2 
R 



III] 



wherein R denotes a hydrocarbon group having 1 to 10 carbon atoms and m denotes an integer of 2 to 

50, 

and having an average particle size of 5 to 200 urn and a specific surface area of 20 to 1,000 m 2 /g. 

Further, according to this invention, the above objects are achieved by a process for producing a finely 
30 divided aiuminoxane which comprises contacting a solution of an aluminoxane represented by formula [I] or 
[II] 



35 



R 2 Al+0-Al}- m AlR 2 [I] 



Uo-, 




A^nR^ 1111 

40 R 

wherein R denotes a hydrocarbon group having 1 to 10 carbon atoms and m denotes an integer of 2 to 

50. 

^ with an aJuminoxane-insolubie or -sparingly soluble solvent to precipitate a finely divided solid aluminoxane 
in suspension, and a process for producing a finely divided aluminoxane which comprises spray drying a 
solution of an aluminoxane represented by formula [I] or [II] 

R 2 A140-Alf m AlR 2 [I] 

50 R 



55 t n*+2 

R 



cm 



wherein R denotes a hydrocarbon group having 1 to 10 carbon atoms and m denotes an integer of 2 to 



5 
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50, • 
to form a finely divided solid aiuminoxane. 

Still further, according to this invention, the above objects are achieved by a catalyst component for 
polymerization of olefins being a finely divided aiuminoxane comprising an aiuminoxane represented by 
6 formula [I] or [II] 

R 

10 



75 



.20 



25 



30 



35 



40 



45 



50 



t 1 *^? 1111 



R 

wherein R denotes a hydrocarbon group having 1 to 10 carbon atoms and m denotes an integer of 2 to 

50, 

and having an average particle size of 5 to 200 um and a specific surface area of 20 to 1 ,000 mVg. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The finely divided aiuminoxane of this invention comprises an aiuminoxane represented by formula [I] 
or [II]: 

R 2 A140-Al}- m AlR 2 II] 
R 



Col 



? m+2 
R 



till 



In the above formula, R is a hydrocarbon group having 1 to 10, preferably 1 to 4 carbon atoms. Concrete 
Examples thereof includes methyl, ethyl, propyl, isopropyl, isopropenyl, n-butyl, sec-butyl, tert-butyl, pentyl, 
hexyl, octyl, decyt, dodecyl, tridecyl, tetradecyl, hexadecyl, octadecyl. eicosyl, cyclohexyl, cyclooctyf, 
phenyl, tolyl and ethyiphenyl groups. Of these, the methyl, ethyl and isobutyl groups are preferable, and the 
methyl group is most preferable, m is 2 to 50, preferably 6 to 40, most preferably 10 to 30. The 
aiuminoxane may be a halogenated aiuminoxane in which in formula [I] or [II], part of R is substituted with a 
halogen atom such as chlorine or bromine and the halogen content is not more than 40% by weight. 
In the aiuminoxane of formula H] or [II], oxyaluminum units of formula + O- £ I * 

R 

constituting the aiuminoxane may be composed of mixed oxyaluminum units containing different hydrocar- 
bon groups. On this occasion, the aiuminoxane is preferably an aiuminoxane containing at least an 
oxymethylaluminum unit of formula 

40-A19- 
CH 3 

in an amount of preferably at least 30 mole%, more preferably at least 50 mole%, most preferably at least 
70 mole%. . 

The average particl size of the finely divided aiuminoxane in this invention is 5 to 200 um, preferably 
10 to 100 um, most preferably 20 to 60 um, and the sp cific surface area thereof is 20 to 1,000 m 2 /g, 
preferably 50 to 500 m z /g, most preferably 100 to 300 m^g. Where the average particle size of the finely 
divided aiuminoxane is less than 5 um, the bulk specific gravity is high when it is used as a catalyst for 
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polymerization of olefins, making impossible the formation of olefin polymers having excellent properties as 
a powder. Wh re said average particle size is larger than 200 urn, a large amount of coarse polymer 
particles results when It is used as a catalyst component for polymerization of olefins, inviting troubles such 
as clogging of a polymer discharge outlet or a polymer transportation line. Where the specific surface area 
s of the finely divided aiuminoxane is less than 20 m 2 /g, the polymerization activity decreases when it is used 
as a catalyst component for polymerization of olefins. 

The average particle size of the finely divided aiuminoxane here referred to is measured by an optical 
microscope and determined as an average value of particle sizes found from at least 50 particles optionally 
selected. The specific surface area of the finely divided aiuminoxane is found by utilizing adsorption and 
to desorption on the surface of the powder based on a theory of a BET one point method. On this occasion, a 
helium/nitrogen (70/30) gas mixture is used as a measuring gas. 

A density of the finely divided aiuminoxane is 0.5 to 2 g/ml, preferably 0.7 to 1.7 g/ml t most preferably 
0.9 to 1.5g/ml. ~ 

Moreover, in this invention, a ratio of the finely divided aiuminoxane dissolved in n-hexane held at 25°C 
T5 meets a range of usually, 0 to 40 mole%, preferably 0 to 20 mo!e%, most preferably 0 to 10 mole%. 

The ratio of the finely divided aiuminoxane dissolved in n-hexane is found by adding 2 g of the finely 
divided aiuminoxane to 50 ml of n-hexane held at 25°C, then stirring the mixture for 2 hours, separating a 
solution portion by a G-4 glass filter, and measuring an aluminum concentration of the filtrate. Accordingly, 
the dissolved ratio is determined as a ratio of an aluminum atom present in the filtrate to an amount of an 
20 aluminum atom corresponding to 2 g of the aiuminoxane used. 

The aiuminoxane of formula [I] or [II] constituting the finely divided aiuminoxane in this invention can be 
produced by a hitherto known method. Examples of the method are mentioned below. 

(1) A method wherein one or more trialkylaiuminums are added to a hydrocarbon solvent suspension 
of a compound containing an adsorption water or a crystal water-containing salt such as magnesium 

25 chloride hydrate, copper sulfate hydrate, aluminium sulfate hydrate, nickel sulfate hydrate or cerous chloride 
hydrate. 

(2) A method wherein one or more trialkylaiuminums are directly reacted with water in a medium 
such as benzene, toluene, ethyl ether or tetrahydrofuran. 

Of these method, the method (1) is preferable. By the way, said aJumlnoxane may contain a small 
30 amount of an organometallic component. A component of an organometallic compound such as a halogen- 
containing organoaluminum compound or an organomagnesium compound may be present besides the 
triaklyaiuminum. 

As a process for producing a finely divided aiuminoxane in this Invention, there can be employed a 
process which comprises contacting a solution of the aiuminoxane with an aluminoxane-insoluble or 

35 -sparingly soluble solvent to precipitate a finely divided solid aiuminoxane in suspension. More particularly, 
it is also possible to employ a process which comprises adding an aluminoxane-insoluble or -sparingly 
soluble solvent to an aiuminoxane solution to contact them, or adding an aiuminoxane solution to an 
aluminoxane-insoluble to -sparingly soluble solvent to contact then with stirring, and thereby precipitating a 
finely divided solid aiuminoxane in suspensibn, or as required, removing the solvent used to dissolve the 

40 aiuminoxane from the resulting mixture obtained by the above contact via distillation or flash distillation to 
prompt precipitation of the finely divided solid aiuminoxane. 

In contacting the aiuminoxane solution with the aluminoxane-insoluble or -sparingly soluble solvent, the 
ratio of the aiuminoxane to the aluminoxane-insluble or -sparingly soluble solvent is usually 10 to 10,000 
parts by weight preferably 100 to 1.000 parts by weight per 100 parts by weight of the aiuminoxane. The 

45 contacting temperature is usually -100°C to 300°C, preferably -50°C to 100°C, most preferably -30°C to 
50°C. The contacting is usually conducted with stirring. In the process of this invention, the aiuminoxane 
solution is formed from at least an aiuminoxane and an aiuminoxane dissolving solvent As a method for 
obtaining the aiuminoxane solution, there can be enumerated a rnethod wherein both components are . 
simply mixed and a method wherein they are mixed under heating. An amount of a solvent in the 

50 aiuminoxane solution is 0.1 to 50 liters, preferably 0.2 to 10 liters, more preferably 0.3 to 2 liters per gram- 
atom of aluminum in the aiuminoxane. 

Examples of the solvent of aiuminoxane include aromatic hydrocarbons such as benzene, toluene, 
ethylbenzene, propylbenzene, butylbenzene, xylene and chlorobenzene. 

Exampl s of the aluminoxane-insolubl or -sparingly soluble solvent ar gen rally saturated hydrocar- 

55 bon solvents, e.g. linear or branched aliphatic hydrocarbons such as pentane, hexane, decane, dodecane, 
kerosene and cyclohexane, and alicycllc hydrocarbons such as cyclohexan , norbornane and ethyl 
cyciohexane. 

It is advisable that a solvent having a higher boiling point than the solvent employed to obtain the 
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aluminoxane solution is used as an aluminoxane-insoluble or -sparingly soluble solvent. 

As a process for producing a fin ly divided aluminoxane in this invention, ther can be employed a 
process wherein the aluminoxane solution is spray dried to obtain the finely divided aluminoxane. More 
particularly, the finely divided aluminoxane can be formed by spraying the aluminoxane solution via a spray 

5 dryer having a two-fluid nozzle concurrently with an inert gas heated at a temperature usually 10 to 500*0, 
preferably 50 to 200°C higher than the boiling point of the solvent while keeping the aluminoxane solution 
at a temperature usually 2 to 100°C t preferably 5 to 50°C lower than the boiling point of the solvent The 
aluminoxane solution used in this process Is the same as mentioned above. 

The finely divided aluminoxane of this invention is used as a catalyst component for polymerization of 

10 olefins. Among others, the finely divided solid catalyst formed from the finely divided aluminoxane catalyst 
component and the catalyst component of the compound of the transition metal of Group IVB In the 
periodic table in this Invention has the feature that it has an extremely high polymerization activity even if 
applied to polymerization or copofymerization of olefins by any of dissolving polymerization, suspension 
polymerization and gaseous phase polymerization, and that even is suspension polymerization or gaseous 

75 phase polymerization, said catalyst shows a very high activity, making possible the formation of polymers 
having a high specific gravity, thus being excellent in properties as a powder. 

Examples of the method using the catalyst component for polymerization of olefins comprising the 
finely divided aluminoxane in this invention are as follows. 

[1] A method which comprises feeding a finely divided aluminoxane component and a component of 

20 a compound of a transition metal of Group IVB in the periodic table to a reaction system, forming a catalyst 
having a polymerization activity in the reaction system, and polymerizing or copolymerizing olefins. 

[2] A method which comprises preparing a catalyst wherein a component of a compound of a 
transition metal or Group IVB in the periodic table is supported on a finely divided aluminoxane component, 
and polymerizing or copolymerizing olefins in the presence of said catalyst. 

25 As the method [2] for preparing the catalyst wherein the component of the compound of the transition 
metal of Group IVB in the periodic table is supported on the finely divided aluminoxane component, there 
can be employed a method wherein the component of the compound of the transition metal of Group IVB in 
the periodic table is supported on the finely divided aluminoxane once prepared or a method wherein the 
component of the compound of the transition metal of Group IVB is added in the step of forming the finely 

30 divided aluminoxane component, and after the formation of the finely divided aluminoxane a solid catalyst is 
made wherein the component of the compound of the transition metal of Group IVB in the periodic table is 
supported on the finely divided aluminoxane. The following two methods 1) and 2) can be shown as a 
method for producing a solid catalyst for polymerization of olefins wherein the component of the compound 
of the transition metal of Group IVB in the periodic table is supported on the finely divided aluminoxane 

35 component These methods are described in detail in the patent applications Applicant was filed on 
December 27, 1986 and February 4, 1987. 

1) A method for producing a solid catalyst for polymerization of olefins which comprises contacting 
an aluminoxane solution with an aluminoxane-insoluble or -sparingly soluble solvent to precipitate a finely 
divided solid aluminoxane in suspension and form a suspension of the finely divided solid aluminoxane, and 

40 contacting the suspension of the finely divided solid aluminoxane with the solution of the compound of the 
transition metal of Group IVB In the periodic table to form a solid component 

2) A method for producing a solid catalyst for polymerization of olefins which comprises spray drying 
an aluminoxane solution to form a finely divided solid aluminoxane, contacting the finely divided solid 
aluminoxane with the solution of the compound of the transition metal of Group IVB in the periodic table in 

45 the presence of an aluminoxane-insoluble or -sparingly soluble solvent to form a solid component. 

Of these methods, the method 1) can afford a polymer having very good properties as a powder. In 
both the methods 1) and 2), a component such as an electron donor compound to be later described may 
be added in any of the steps. 

The solid catalyst for polymerization of olefins is prepared by the method 1) or 2), and both the 
so methods go though the step of precipitating the aluminoxane or the step of spray drying the aluminoxane. 
Unless impairing the properties of the finely divided aluminoxane to precipitate and. spray dry the 
aluminoxane, the method can be performed in the presence of triaikylaluminum such as triisobutylaluminum 
or triisoamylalminum. 

The solid catalyst for polymerization of olefins obtained by the above method 1) or 2) comprises at 
55 least 

[A] a component of a compound of a transition metal of Group IVB in the periodic table and 
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[8] an aluminoxane catalyst component, 
a ratio (M/Al) of a transition metal atom (M) to an aluminum metal atom (Ai) being 0.2 to 0.001, an 
average particle size being 5 to 200 am and a specific surface area being 20 to 1 ,000 mVg. 

The catalyst for polymerization of olefins obtained by the above methods may contain a component of 
5 an electron donor in addition to [A] the catalyst component of the compound of the transition metal and IB) 
the aluminoxane catalyst component Examples of the electron donor include carboxyllc acids, esters, 
ethers, ketones, aldehydes, alcohols, phenols, acid amides, oxygen-containing compounds such as metal 
atom (aluminum or silicon)0-C bond-containing compounds, nitriles, amines and phosphines. The content of 
the electron donor is usually 0 to 1 mole, preferably 0 to 0.6 mole per gram-atom of the transition metal 
10 atom (M). 

In the solid catalyst for polymerization of olefins, the ratio of the transition metal atom to the aluminum 
metal atom is 0.2 to 0.001, preferably 0.05 to 0.002, more preferably 0.02 to 0.005. Where the ratio is 
higher than 0.2, the polymerization activity of the catalyst much decreases. Where the ratio Is lower than 
0.001, the polymerization activity based on the aluminum atom decreases. 

75 The average particle size of the above solid catalyst for polymerization of olefins is 5 to 200 urn, 
preferably 10 to 100 urn, more preferably 20 to 60 urn. The average particle size of said solid catalyst for 
polymerization of olefins is measured by an optical microscope and determined as an average value of 
particle sizes found from at least 50 particles optionally selected. 

When the average particle size Is less than 5 urn, a large amount of a finely divided polymer is formed 

20 in a polymer obtained by gaseous phase polymerization or slurry polymerization using the solid catalyst for 
polymerization of olefins in this invention, and the bulk specific gravity of the polymer is not satisfactorily 
great, making it impossible to obtain a polymer excellent in properties as a powder. Meanwhile, when the 
average particle size is larger than 200 'urn, large amounts of coarse polymer particles are formed in the 
obtained polymer, causing troubles such as clogging of a polymer particle discharge outlet Moreover, the 

25 specific surface area of the solid catalyst for polymerization of olefins in this invention is 20 to 1,000 nrtfg, 
preferably 50 to 500 m 2 /g, more preferably 100 to 300 m*/g. When the specific surface area is less than 20 
m 2 /g, the polymerization activity of the catalyst tends to notably decrease. 

The specific surface area of the solid catalyst for polymerization of olefins here referred to is found by 
utilizing adsorption and desorption of gas on the surface of a powder based on a theory of a BET one point 

30 method. A helium/nitrogen (70/30) gas mixture can be taken as a measuring gas. 

In the catalyst component [A], the transition metal of Group IVB in the periodic table is selected from 
the group consisting of titanium, zirconium and hafnium. Titanium and zirconium are preferable as the 
transition, metal in the catalyst component [A], and zirconium is most preferable. 

A zirconium compound in which a group having a conjugated ir-electron Is a iigand can be taken as an 

35 example of the compound of the transition metal of Group IVB in the periodic table in the catalyst 
component [A]. 

The zirconium compound in which the group having a conjugated w-electron is a Iigand can be, for 
example, a compound represented by formula (I) 
RWtR^nZr (I) . 

40 wherein R 1 denotes a cycloaikadiehyl group, R 2 , R 3 and R* each denote a cycloakladienyl, aryl, alky I, 
cycloalkyl or aralkyl group, halogen, hydrogen, OR a , SR b , NR a ° or PR, d , R a , R b t R c and R d each denote a 
hydrocarbon group such as an alky!, cycloalkyl,- aryl or aralkyl group, or a silyl group, R° and R d may 
together form a ring, k*1 and k+l +m + n = 4. 

Examples of the cycioalkadienyl group include cyclopentadienyl, methylcyclopentadienyl, ethylcyclopen- 
45 tadienyl, dimethylcyclopentadienyl, indenyl and tetrahydroindenyl groups. Examples of the aikyl group 
include methyl, ethyl, propyl, isopropyl, butyl, hexyl, octyl, 2-ethyi-hexyl, decyl and oleyl groups. Examples 
of the aryl group include phenyl and toiyl groups. Examples of the aralkyl group include benzyl and neophyl 
groups. Examples of the cycloalkyl group include cyclopentyl, cyclohexyl, cyclooctyl, norbonyl and 
bicyciononyl groups and aikyl substituents of these groups. Besides, unsaturated aliphatic groups such as 
so vinyl, ailyl, propenyl, isopropenyl and 1-butenyl groups and unsaturated alicyclic groups such as a 
cyclohexenyl group are also available. Examples of the halogen include fluorine, chlorine and bromine. 
Examples of the zirconium compound are as follows. 

bis(cyclopentadienyl)zirconium monochloride monohydride, 

bis(cyclopentadienyi)zirconium monobromide monohydride, 
55 bis(cyclopentadienyl)methylzirconium hydride, 

bis(cyclopentadienyi)ethylzirconium hydride, 

bis(cyclopentadienyl)cyclohexylzirconium hydride, 

bis(cydopentadienyl)ph nylzirconium hydride, 
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bis(cyclopentadienyl)b8nzyl2irconium hydride, 
bis(cyclopentadienyl)neopentyizirconium hydride, 
bis(methylcyclopentadienyl)2irconium monochloride monohydridei 
bis(idenyl)zirconium monochloride monohydride, 
bi$(cyclopentadienyl)zirconium dichioride 
bisCcyclopentadienyOztrconium dibromide, 
bis(cyclopentadienyl)methylzirconium monochloride, 
bis(cyc(opentadienyi)ethylzirconium monochloride, 
bis(cyciopentadienyl)cyclohexyl2irconium monochloride, 
bis(cyclopentadienyi)phenylzirconium monochloride, 
bis(cyclopentadienyl)benzylzirconfum monochloride, 
bis(methylcyclopentadienyl) zirconium dichioride, 
bis (pentamethylcyclopentadientyl)zirconium dichioride, 
bis(ideny!)zirconium dichioride, . 
bis(indenyl)zirconium dibromide, 
bis(cyclopentadienyi)zirconium diphenyl, 
bis(cyclopentadienyl)zirconium dibenzyl, 
bis{cyciopentadienyl)methoxyzirconium chloride, 
bis(cycfopentadienyl)methoxyzirconium chloride, 
bis(cyciopentadienyl)ethoxyzirconium chloride, 
bis(cyclopentadlenyl)butoxyzirconium chloride, 
bis(cyclopentadienyl)2-ethyihexoxyzirconium chloride, 
bis(cyclopentadienyl)methyizirconium ethoxide, 
bis(cyclopentadienyl)methyizirconium butoxide, . 
bis(cyclopentadienyl)ethylzirconiuim ethoxide, 
bis(cyclopentadienyl)phenyizirconium ethoxide, 
bis(cyclopentadienyi)benzylzirconium ethoxide, 
bis(methyicyclopentadienyl)ethoxyzirconium chloride, 
bis(indenyiethoxy)zirconium chloride, 
bis(cyclopentadienyl)ethoxyzirconium, 
bis(cyclopentadienyl)butoxyzirconium, 
bis(cyclopentadienyl)2-ethyihexoxyzirconium, 
bis(cyclopentadienyi)phenoxyzirconium chloride, 
bis(cyciopentadienyl)cyclohexoxyzirconium chloride, 
bis(cyclopentadienyl)phenylmethoxyzirconium chloride, 
bis(cyciopentadienyl)methyizirconium phenylmethoxide, 
bis(cyclopentadienyI)trimethylsiloxyzirconium chloride, 
bis(cyclopentadlenyI)triphenyisiloxyzirconium chloride, 
bis(cyciopentadienyl)thiophenylzirconium chloride, 
bis(cyclopentadienyl)thioethylzirconium chloride, 
bis(cyciopentadienyObis(dimethyiamide)zirconium, 
bis(cyclopentadienyl)diethylamidezirconium chloride, 
ethylenebis(indenyl)ethoxyzirconium chloride, 
ethylenebis(4,5,6,7-tetrahydro-1-lndenyl)ethoxy zirconium chloride, 
ethylenebis(indenyl)dimethylzirconium, 
ethylenebis(indenyl)diethylzirconlum, 
ethylenebis(indenyl)diphenylzirconium, 
ethylenebis(indenyi)dibenzylzirconium, 
ethylenebis(indenyl)methylzirconium monobromide, 
ethyienebis(indenyl)ethylzirconium monochloride, 
ethyienebis(indenyl)benzylzirconium monochloride, 
ethylenebis(indenyi)methylzirconium monochloride, 
ethylenebls(indenyi)zirconium dichioride, 
thylenebis(indenyl)zirconium dibromide, 
ethylenebis(4 ( 5,6,7-tetrahydro-1-indenyl)dimethylzirconium, 
ethylenebis(4,5,6,7-tetrahydro-1-indenyI)methylzirconium monochloride, 
ethylenebis(4,5 t 6,7-tetrahydro-1 -indenyi)zirconium dichioride, 
ethylenebis(4,5,6,7-tetrahydro-1-ind nyl)zirconium dibromide, 
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ethylenebis(4-methyM-indenyl)zirconium dichloride, 
ethylenebis(5-methyl-1-indenyl)zirconium dichloride, 
ethy lenebis(6-methyl- 1 -indeny l)zirconlum dichloride, 
ethylenebis(7-methyM-indenyl)zirconium dichloride, 
ethylenebis(5-methoxy-1 -indenyl)zirconlum dichloride, 
ethylenebis(2 f 3-dimethy 1-1 -indenyl)zirconium dichloride, 
ethylenebis(4,7-dimethy 1-1 -indeny l)zirconium dichloride, 
etfiylenebis(4,7-dimethoxy-1 -indeny I)zirconium dichloride, 
ethylenebis(indenyi)zirconium dimethoxide, 
ethylenebis(indenyl)zirconium diethoxide, 
ethylenebis(indenyl)methoxyzirconium chloride, 

ethylenebis(indenyl)ethoxyzirconium chloride, - 
ethylenebls(lndenyl)methylzirconium ethoxide, 
ethy lenebis(4,5.6,7-tetrahydro-1 -indenyl)zirconium dimethoxide, 
ethylenebis(4,5 t e,7-tetrahydro-1 -indenyl)zirconlum diethoxide, 
ethylenebis(4,5,6,7-tetrahydro-1 -indenyl)methoxyzirconium chloride, 
ethylenebis(4,5,6,7-tetrahydro-1-indenyl)ethoxyzirconium chloride, and 
ethylenebis(4,5,6.7-tetrahydro-1 -indenyi)methy Izirconium ethoxide. 
Examples of the titanium compound are mentioned below. 
bis(cyclopentadienyl)titanium monochloride monohydride, 
bis(cyclopentadienyl)methyltitanium hydride, 
bis(cyclopentadienyl)phenyttitanium chloride, 
bis(cyclopentadienyf)benzyltitanium chloride, 
bis(cyclopentadieny!)trtanium chloride, 
bis(cyclopentadienyl)titanium dibenzyl, 
bis(cyclopentadienyl)ethoxytitanium chloride, 
bi$(cyc!opentadienyl)butoxytitanium chloride, 
bis(cyclopentadienyt)methylt'tanium ethoxide, 
bis(cyciopentadienyi)phenoxytitanium chloride, 
bis(cyclopentadienyl)trimethylsiloxytitanium chloride, 
bis(cyciopentadienyl)thiophenyltitanium chloride, 
bis(cyclopentadienyl)bls(dimethylamide)titanium. 
bis(cyclopentadienyl)ethoxytitanium, 

ethylenebis(indenyl)titanium dichloride, and ethylenebis(4.5,6.7-tetrahydrp-1 -indeny l)tltanium dichloride. 
Examples of the hafnium compound are mentioned below. 
bis(cyciopentadienyl)hafnium monochloride monohydride, 
bis(cyclopentadienyl)ethylhafnium hydride. 
bis(cyciopentadienyi)phenylhafnium chloride, 
bis(cyclopentadienyl)hafnium dichloride, 
bis (cyclopentadienyl)hafnium dibenzyl, 
bis(cyclopentadienyl) ethoxyhafnium chloride, 
bis(cyclopentadienyl)butoxyhafnium chloride, 
bis(cyclopentadienyl)methylhafniuim ethoxide, 
bis(cyclopentadienyl)phenoxyhafnium chloride, 
bis(cyclopentadienyl)thiophenylhafnium chloride, 
bis(cyclopentadienyl)bi$(diethyiamide)hafnium, 
ethylenebis(idenyi)hafnium dichloride, and 
ethy ienebis(4,5,6,7-tetrahydro-1 -indeny l)hamium dichloride. 

The above solid catalyst for polymerization of olefins is effective for producing olefin polymers, above 
all, an ethylene polymer and an ethyiene/alpha-olefin copolymer. Examples of olefins that can be polymer- 
ized in the presence of the catalyst in this invention include alpha-oleflns having 2 to 20 carbon atoms such 
as ethylene, propyplene, 1-butene, 1-hexane. 4-methyl-1-pentene, 1-octene, 1-decene, 1-dodecene, 1- 
tetradecene, 1-hexadecene, 1-octadecene and 1-eicosene. Of these, polymerization of ethylene or 
copolymerizatlon of ethylene and an alpha-olefin having 3 to 10 carbon atoms is preferable. 

In the polymerization using the above solid catalyst for polymerization of olefins, olefins are polymer- 
ized usually in a gaseous phase or in slurry. In the slurry polymerization, either inactive hydrocarbons or the 
olefins per se can be used as a solvent. 

Concrete examples of the hydrocarbon solvent include aliphatic hydrocarbons such as butane, 
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isobutane. pentane, haxane, octane, decane, dodecane, hexadecane and octadecane, alicyclic hydrocar- 
bons such as cyclopentane, methylcyclop ntan , cyclohexane and cyclooctane, and petroleum fractions 
such as kerosene and light oils. 

When performing the slurry polymerization of olefins using the above solid catalyst for polymerization of 
5 olefins, the temperature is usually -50°C to 120°C, preferably 0 to 100°C. 

When performing the gaseous phase polymerization of olefins using the above solid catalyst for ? 
polymerization of olefins, the polymerization temperature is usually 0 to 120°C. preferably 20 to 100°C. 

At the time of using the solid catalyst for polymerization of catalysts, in the slurry polymerization or the 
gaseous phase polymerization, the proportion of the transition metal compound is usually 10~ a to 10~ 2 
70 gram-atom/liter, preferably 10~ r to 1(T 3 gram-atom/liter as a concentration of the transition metal atom in 
the polymerization reaction system. 

In the above polymerization reaction, the aluminoxane may also be used in combination with an 
organoaluminum compound represented by formula 

R^pR'qAIX3^)_q 

75 wherein R h denotes a hydrocarbon group having 1 to 10, preferably 1 to 6 carbon atoms, an alkenyl 
group, a cycloallkyl group or an aryl group, R 1 denotes an alkoxy group having 1 to 6 carbon atoms or an 
aryloxy group, X denotes a halogen atom, 3Sp>0 and 2*q*0. Especially, the addition of the or- 
ganoaluminum compound having a branched chain group such as triisobutylaluminum or isoprenyialuminum 
is effective for improving the polymerization activity. 

20 The polymerization pressure is usually a normal pressure to 100 kg/cm 2 , preferably an increased 
pressure of 2 to 50 kg/cm 2 . The polymerization can be performed batchwise, semi-continuously or 
continuously. Further, the polymerization can also be carried out by dividing it into two or more stages 
different in reaction conditions. 

In the olefin polymerization, it is advisable to conduct prepolymerization of olefins in the presence of the 

25 solid catalyst prior to the olefin polymerization. The prepolymerization is carried out by polymerizing an 
alpha-olefin in an amount of 1 to 1000 g, preferably 5 to 500 g, more preferably 10 to 200 g per 1 
milligram-atom of [A] the catalyst component of the compound of the transition metal of Group IVB in the 
periodic table. Examples of the olefins used in the prepolymerization include ethylene and alpha-olefins 
having 3 to 20 carbon atoms, such as propylene, 1-butene, 4-methyM-pentene, 1-hexene, 1-octene, 1- 

30 decene, 1-dodecene and 1-tetradecene. Ethylene or ethylene and a small amount of the alpha-olefin are 
preferable. 

The temperature of the prepolymerization is -20°C to 70°C, preferably -10°C to 60°C, more preferably 
0°C to 50°C. 

The prepolymerization can be conducted batchwise or continuously under normal pressure or increased 
35 pressure. In the prepolymerization, a molecular weight modifier such as hydrogen may be present. It is 
advisable to control the amount of said modifier such that a prepolymer having an intrinsic viscosity hL 
measured at 135°C in decalin, of at least 0.2 dl/g, preferably 0.5 to 20 dl/g can be prepared. 

The prepolymerization is effected in the absence of a solvent or in an inert hydrocarbon solvent It Is 
desirous to conduct the prepolymerization In the inert hydrocarbon solvent in the aspect of operability. The 
40 aforesaid examples of the aluminoxane-insoluble or -sparingly soluble solvent can be taken as the inert 
hydrocarbon solvent used in the prepolymerization. 

In the prepolymerization, the concentration of tiie solid catalyst in the prepolymerization reaction system 
is usually 10~* to 1 gram-atom/liter, preferably 10~ 4 to 10~ 2 gram-atom/liter. 

This invention can provide the finely divided aluminoxane having the large specific surface area and the 
45 uniform particle size, and the process for producing same. By using the finely divided aluminoxane as the 
catalyst component the solid catalyst for polymerization, of olefins showing the very high polymerization 
activity in homopolymerization or copolymerization of olefins is obtained which can' produce the polymers • 
and copolymers having the high bulk specific gravity and the uniform particle size, containing less fine 
powder and having the narrow molecular weight distribution and the narrow composition distribution in case 
50 of the copolymers. * 



EXAMPLES 

55 The following Examples illustrate this invention in more detail. 
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Synthesis of aluminoxane 

A 400-milliliter glass flask equipped with a stirrer which was thoroughly purged with nitrogen was 
charged with 37 g of AI«(SO«)i.14HiO and 126 ml of toluene. After the mixture was cooled to 0°C. 125 ml of 

5 toluene containing 50 ml of trimethylaluminum was added dropwise over the course of 1 hour. Subse- 
quently, the temperature was elevated to 40°C for 3 hours, and the reaction continued at that temperature 
for 48 hours. After the reaction, a solid/liquid separation was conducted by filtration. Low-boiling substances 
were removed from the separated liquid by means of an evaporator. Toluene was added to the remaining 
solid which was collected as a toluene solution. 

10 The molecular weight found from freezing point depression in benzene was 884, and the degree of 
polymerization of the aluminoxane was therefore 15. 



Example 1 

76 

[Preparation of finely divided aluminoxane] 

A 300-miIliliter reactor fitted with a stirrer, capable of pressure reduction, was charged with 67 ml of a 
toluene solution containing 100 millimoles, as titanium atom, of the above methylaluminoxane. Thereafter, 

20 100 ml of purified n-decane was added at room temperature over the course of about 0.5 hour under 
stirring to precipitate methylaluminoxane. Subsequently, while reducing the pressure of the inside of the 
reactor to 4 torr through a vacuum pump, the temperature of the inside of the reactor was raised to 35°C 
over the course of about 3 hours to remove toluene in the reactor and further precipitate methylaluminox- 
ane. The reaction liquid was filtered by a filter to remove the liquid portion. There resulted a finely divided 

25 aluminoxane. Said finely divided aluminoxane had the average particle size of 29 urn, the specific surface 
area of 168 mftg and the ratio of it dissolved in n-hexane of 25 °C of 1.3 mole%. 



[Preparation of a solid catalyst] 

30 

. The finely divided aluminoxane was resuspended in n-decane and 5 ml of a toluene solution containing 
0.2 millimoles of bis(cyclopentadienyl)zirconium dichloride was added thereto. After mixing them at room 
temperature for about 1 hour, the liquid phase portion was removed by a filter. There resulted a solid 
catalyst for polymerization of olefins. 
35 The solid catalyst had the zirconium content of 0.6% by weight and the aluminum content of 47% by 
weight and the average particle size found by observation of a microscope was about 30 urn. The specific 
surface area was 171 m^g, and the density was 1 .18 g/ml. 

40 [Prepolymerization] 

' A 400-milllliter reactor fitted with a stirrer was charged in an atmosphere of nitrogen with 100 ml of 
purified n-decane and 0.1 millimole, as zirconium atom, of the above solid catalyst, followed by feeding 
ethylene for 1 hour at a rate of 4 Nl/hr. During this time, the temperature was kept at 20°C. After feeding of 
45 ethylene was over, the inside of the reactor was purged with nitrogen and then washed once with purified 
hexane. The product was resuspended in hexane and stored in a catalyst bottle. 



[Polymerization] 

50 

A 2-liter autoclave thoroughly purged with nitrogen was charged with 250 g of sodium chloride as a 
dispersant While heating it at 90°C, the pressure reduction was conducted for 2 hours by a vacuum pump 
such that the internal pressure of the autoclave became 50 mmHg or less. The temperature of the autoclave 
was then lowered to 75°C, and the inside of the autoclave was r plac d with ethylene. Subsequently, 0.01 
55 millimole, as zirconium atom, of the solid catalyst subjected to the prepolymerization was added, and th 
autoclave was then closed. 50 Nml of hydrogen was added and the pressure was increased with ethylene 
such that the internal pressure of the autoclave reached 8 kg/cm*g. The stirring rate was increased to 300 
rpm, and th polymerization was conducted at 80°C for 1 hour. 
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After the polymerization was finished, the total amounts of the polymer and sodium chloride in the 
autoclave was taken out, and charged into about 1 liter of water. By stirring for about 5 minutes, almost the 
total amount of sodium chloride was dissolved in water, and the polymer alone floated on the surface of 
water. The floating polymer was recovered, thoroughly washed with methanol and dried overnight at 80 °C 
5 in vacuo. The amount of the resulting polymer was 147.8 g. Said polymer had MFR of 0.9 dg/min, the 
apparent bulk density of 0.44 g/ml and Ffi w/ Thn of 2.5. 



Comparative Example 1 

In Example 1 , purified n-decane was not added to a toluene solution containing methylaluminoxane, and 
while the pressure of the inside of the reactor was reduced to 4 torr with the vacuum pump, the temperature 
of the inside of the reactor was elevated to 35°C over the course of about 3 hours to remove toluene in the 
reactor and precipitate methylaluminoxane. The specific surface area of the thus obtained solid aiuminoxane 

75 was -1 .2 m 2 /g. When the particles of said solid aiuminoxane were observed by a microscope, the particle 
size was 1 to 100 urn. Thus, the size and shape thereof were non-uniform. This solid aiuminoxane was 
suspended in n-decane and zirconium was supported thereon as in Example 1 to form a solid catalyst The 
solid catalyst had the zirconium content of 0.6% by weight and the aluminum content of 48% by weight 
In the same way as in Example 1, prepolymerization and gaseous phase polymerization of ethylene 

20 were conducted. The results are shown in Table 1 . 



Example 2 

25 Example 1 was repeated except that the solvent used to dissolve bis(cyciopentadienyl)zirconium 
chloride was changed from toluene to 1,2-dichloroethane. There resulted a finely divided aiuminoxane. Said 
finely divided aiuminoxane had the average particle size of 30 am and the specific surface area of 162 
m*/g. The ratio of the finely divided aiuminoxane dissolved in n-hexane of 25°C was 1.1 moIe%. Using the 
finely divided aiuminoxane, a solid catalyst was prepared as in Example 1, and prepolymerization and 

30 gaseous phase polymerization of ethylene were performed as in Example 1. The results are shown In Table 
1. 



Example 3 

35 

Example 1 was repeated except that the solvent used to dissolve methylaluminoxane was changed from 
toluene to ethylbenzene. Consequently, a finely divided aiuminoxane was obtained. Said finely divided 
aiuminoxane had the average particle size of 30 urn and the specific surface area of 168 nrtfg. The ratio of 
the finely divided aiuminoxane dissolved in n-hexane of 25 8 C was 2.2 mole%. In the same way as In 
40 Example 1, a solid catalyst was prepared from said finely divided aiuminoxane, and prepolymerization and 
gaseous phase polymerization of ethylene were conducted, the results are shown in Table 1. 



Example 4 

45 

Ethylene and hexene-1 were copoiymerized by gaseous phase polymerization. That is, using the soiid 
catalyst subjected to prepolymerization described in Example 1, the copoiymerization of ethylene and $ 
hexene-1 was performed as in Example 1 except that 10 ml of hexene-1 was added after the addition of the 
catalyst component and the polymerization time was shortened from 1 hour to 20 minutes. The results are 
so shown in Table 2. > 5 



Example 5 

55 . Slurry polymerization was carried out using the solid catalyst in Example 1. Namely, a 2-liter autoclave 
thoroughly replaced with ethylene was charged with 450 g of liquefied isobutane, and the temperature was 
elevated to 60°C. After adding 0.008 millimole, as zirconium atom, of the solid catalyst component 
subjected to prepolymerization described in Example 1, 80 ml of 4-methyM-pentene and 50 Nml of 
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hydrogen were added. Subsequently, ethylene was introduced to keep the internal pressure of the 
autoclav at 3.5 kg/cm 2 for 1 hour. During this time, the temperature was adjusted to 70°C. One hour later, 
about 2 ml of methanol was added to the autoclave and the polymerization was completely stopped, 
followed by releasing the pressure. The obtained polymer was recovered and dried ov might at 80°C in 
s vacuo. The amount of the resulting polymer was 216.7 g. Said polymer had MFR of 0.8 dg/min., the 
apparent bulk density of 0.42 g/ml, the density of 0.912 g/ml and ffl w/ IS n of 2.8. 



Example 6 

Three hundred milliliters of a toluene solution containing 500 milllmoles, as aluminium atom, of 
methylaluminoxane was sprayed concurrently with hot nitrogen of 120°C using a spray dryer having a two- 
fluid nozzle with a spray nozzle 0.25 mm in diameter while keeping it at 50°C. As a result, toluene was 
evaporated and aluminbxane solid particles were obtained. The finely divided aluminoxane had the average 

is particle size of 46 urn and the specific surface area of 130 m 2 /g. To a suspension comprising 5.8 g of the 
resulting aluminoxane particles and 100 ml of n-decane was added 5 ml of a toluene solution containing 0.2 
millimole of bis(cyciopentadienyl)zirconium dichloride with stirring. After they were mixed at room tempera- 
ture for about 1 hour, a liquid phase portion was removed by a filter. In consequence, a solid catalyst for 
polymerization of olefins was obtained. 

20 The solid catalyst had the zirconium content of 0.6% by weight and the aluminium content of 46% by 
weight The average catalyst particle size found by observation of a microscope was about 47 urn. The 
specific surface area was 126 m 2 /g. Prepolymerization and gaseous phase polymerization of ethylene were 
carried out as in Example 1 . The results are as shown in Table 1. 

Example 7 

A solid catalyst was prepared as in Example 1 except that the amount of bis(cyclopentadtenyi)zirconium 
dichloride was changed from 02 millimole to 0.33 millimole. Prepolymerization and gaseous phase 
30 polymerization were carried out as in Example 1 . The results are shown in Table 2. 



Example 8 

35 A solid catalyst was prepared as in Example 1 except that the amount of bis(cyclopentadienyl)zirconium 
dichloride was changed from 0.2 millimole to 0.5 millimole. Prepolymerization and gaseous phase poly- 
merization were carried out as in Example 1. The results are shown in Table 2. 



40 Example 9 " 

Gaseous phase polymerization of ethylene was performed as in Example 8 except that 1,3 millimoles of 
triisobutylaluminum was added just before the addition of the solid catalyst component subjected to, 
prepolymerization. The results are shown in Table 2. 
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[Preparation of finely divided aluminoxane] 

A 300-millinter r actor fitted with a stirrer, capable of pressure reduction, was charg d with 67 ml of a 
toluene solution containing 100 millimoles, as aluminum atom, of the above methyiaminoxane, and 100 mi 

s of purified n-decane was added at room temperature over the course of about 0.5 hour with stirring to 
precipitate methylaiuminoxane. Subsequently, while reducing the pressure of the inside of the reactor to 4 
torr by a vacuum pump, the temperature of the inside of the reactor was raised to 35°C for about 3 hours to 
remove toluene in the reactor and further precipitate methylaiuminoxane. The reaction liquid was filtered via 
a filter. After a liquid phase portion was removed, a solid portion was resuspended in about 60 mi of hexane 

70 and the suspension was moved to a catalyst bottle. The finely divided aluminoxane had the average particle 
size of 29 um and the specific surface area of 168 m 2 /g. The ratio of the finely divided aluminoxane 
dissolved in n-hexane of 25°C was 1.3 mole%. 



rs [Polymerization] 

A 2-liter autoclave thoroughly replaced with ethylene was charged with 1 liter of purified n-decane. and 
the temperature was elevated to 45°C. After adding 0.06 ml of a 1,2-dichloroethane solution containing 3 
millimoles, as aluminum atom, of the above finely divided aluminoxane and 0.010 millimoie of bis- 
20 (cyciopentadienyi)zirconium dichloride, the temperature was raised to 80°C, ethylene was introduced, and 
the pressure was increased to 8 kg/cm 2 G. Thus, polymerization was performed for 1 hour. There resuited 
87 g of a polyethylene powder. 

25 Claims 

1. A finely divided aluminoxane comprising an aluminoxane represented by formula [I] or [II] 



30 



40 



65 



R 2 A140-Alf m AlR 2 III 

k 



Uo-Al* 



m+2 
R 



III] 



wherein R denotes a hydrocarbon group having 1 to 10 carbon atoms and m denotes an integer of 2 to 
50, and having an average particle size of 5 to 200 urn and a specific surface area of 20 to 1 ,000 nrtg. 

2. An aluminoxane according to claim 1 wherein R denotes a hydrocarbon group having 1 to 4 carbon 
atoms and m denotes an integer of 6 to 40. the average particle size is 10 to 100 urn and the specific 
surface area is 50 to 500 m?/g. 

3. An aluminoxane according to claim 1 or 2 wherein the density is 0.7 to 1.7 g/ml. 

4. An aluminoxane according to claim 3 wherein the density is 0.9 to 1.5 g/ml. 

45 5. An aluminoxane according to any one of the preceding claims wherein the aluminoxane of formula 
[I] or [II] is methylaiuminoxane or an aluminoxane composed of mixed oxyaluminum units of formula 

* O A 1 * 5 

containing at least an oxymethyialuminum units of formula 

50 3 

i 

CH, 



6. An aluminoxane according to any one of the preceding claims wherein In formula [I] or [II] R is a 
methyl group and m is an integer of 10 to 30, the average particle size is 20 to 60 urn, the specific surfac 
area is 100 to 300 mVg and the density is 0.9 to 1 .5 g/ml. 
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7. A process for producing a finely divided aluminoxane as claimed in any one of th preceding claims 
which comprises contacting a solution of an aluminoxane represented by formula [I] or [II] as defined in 
claim 1 with an aluminoxane-insoluble or -sparingly soluble solvent to precipitate the finely divided solid 
aiuminoxan in susp nsion. 

5 8. A process according to claim 7 wherein an aliphatic or alicyclic hydrocarbon is used as said solvent. 

9. A process according to claim 7 or 8 wherein said solvent is useaMn an amount of 10 to 10,000 parts 
by weight per 100 parts by weight of the solution of aluminoxane. 

10. A process for producing a finely divided aluminoxane as claimed in any one of claims 1 to 6 which 
comprises spray drying a solution of an aluminoxane represented by formula [I] or [II] as defined In claim 1 

w to form the finely divided solid aluminoxane. 

11. A process according to claim 10 wherein the solution of the aluminoxane is sprayed using an inert 
gas heated at a temperature 10 to 500°C higher than the boiling point of the solvent by means of a two- 
fluid nozzle maintained at a temperature 5 to 50° C lower than the boiling point of the solvent. 

12. Use of a finely divided aluminoxane as claimed in any one of claims 1 to 6 as a catalyst component 
?s in the polymerization of olefins. 
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